Summary &mdash; The effect of 2 isoflavonoids (the soybean phytoalexin, glyceollin I, and the coumestan, coumestrol) and 1 flavonoid, quercetin, were tested on in vitro spore germination of Gigaspora margarita. Glyceollin I and coumestrol were tested at 0, 0.05, 0.5, 5 
INTRODUCTION
Although it is not possible to culture arbuscular mycorrhizal (AM) fungi in vitro, studies on the physiology of spore germination can contribute to a better understanding of the first steps involved in the infection process leading to AM formation. Previous research on this topic suggests that molecules from the host plant are required for the expression of symbiotic fungal genes (Koske, 1982; Elias and Safir, 1987; Mosse, 1988 ; Bécard and Piché, 1989b ; GianinazziPearson et al, 1989 ; Bécard and Piché, 1990 ; Paula and Siquiera, 1990) . In particular, the hypothesis that plant phenolics could play a role as signal molecules in plant-AM fungus interactions, as in plant-Rhizobium interactions (Firmin et al, 1986; Kosslak et al, 1987; Rolfe, 1988; Djordjevic and Weinman, 1991; Hartwig and Phillips, 1991; Hungria et al, 1991) , has been investigated. The isoflavonoids formononetin and biochanin A, identified in clover roots, have been shown to increase AM infection in white clover Siqueira et al, 1991) and the flavonoids hesperitin, naringenin and apigenin have been reported to stimulate Gigaspora margarita hyphal growth in vitro (Gianinazzi-Pearson et al, 1989), as has the widely occurring flavone quercetin in the presence of CO 2 (Bécard et al, 1992) Knowing that AM infection can increase the accumulation of phytoalexins and associated isoflavonoids in soybean roots (Morandi et al, 1984; Morandi and Gianinazzi-Pearson, 1986; Morandi, 1989) and that these compounds are generally exuded into the rhizosphere (D'Arcy-Lameta, 1984) , we tested the effect of 2 soybean isoflavonoids (glyceollin I and coumestrol) and quercetin on in vitro spore germination, hyphal growth and vesicle formation of Gigaspora margarita. (Morandi, 1989 (fig 1) . Less than half of the spores germinated at the concentration of 25 &mu;g ml -1 as compared to controls with no glyceollin. At the same time, the number of germ tubes produced increased with glyceollin concentration to nearly double at 100 &mu;g ml -1 .
MATERIALS AND METHODS

Mycorrhizal fungus
In the second experiment using concentrations from 0-50 &mu;M (16.8 &mu;g ml -1 ) glyceollin I (fig 2) (Tsai and Phillips, 1991) . However, in these studies, quercetin was dissolved in methanol (which is surprising since quercetin is soluble in water) and methanol concentrations in the medium varied depending on the quercetin concentration so that there was no reliable control treatment to correctly assess the effect of variable amounts of quercetin. Our present observations on the frequent stimulation of spore germination of G margarita followed by a consistently toxic effect on germ tube growth by 0.5% ethanol underlines the necessity to ensure the same alcohol concentration in the medium for all the concentrations of the same test compound.
Furthermore, in the studies on Glomus etunicatum (Tsai and Phillips, 1991) , only very slow growth of the mycelium was observed (maximum 1 mm of individual hyphal length after 21 d) compared to that of G margarita in our experiments (a minimum of 3 mm after 7 d). This suggests that hyphal behaviour may vary with the mycorrhizal fungus and the growth medium. Recently, Bécard et al (1992) found that quercetin stimulated hyphal growth of germinated spores of G margarita, but this was in combination with 2% CO 2 which, when used independently, has been shown to increase hyphal growth (Bécard and Piché, 1989a) .
The fact that glyceollin I is inhibitory to spore germination and hyphal elongation at concentrations of &ge; 50 &mu;M is not surprising because this phytoalexin has a well known fungitoxic activity, which has been demonstrated against pathogens (Giannini et al, 1990) . Nevertheless, previous experiments in our laboratory have shown an accumulation of glyceollin in planta in mycorrhizal soybean roots, which can be further increased by xenobiotics without inhibiting infection development, indicating a significant tolerance of AM fungi to glyceollin. This emphasises the difference in behaviour of mycorrhizal fungi between preinfection (germination, germ tube growth) and intraradical symbiotic phases. It is also interesting to note that glyceollin I stimulated hyphal elongation at low concentrations of 0.5 and 5 &mu;M, which means that this compound has differential effects on microorganisms depending on its concentration, as previously reported for pathogens (Temperli et al, 1991) . Non mycorrhizal soybean roots contain = 1 &mu;g glyceollin g -1 fresh mass (Morandi et al, 1984) , which is equivalent to &ap; 3 &mu;M in the tissues. If we consider that a proportion of glyceollin is exuded into the rhizosphere as previously suggested (D'Arcy-Lameta, 1984; Graham, 1991) , it is possible to envisage that a non mycorrhizal soybean root has a higher potential for stimulating hyphal growth from spores than a mycorrhizal one, where infection markedly increases (5-10 fold) glyceollin accumulation in root tissues (Morandi et al, 1984 ).
Coumestrol appears to more consistently enhance AM hyphal growth at high concentrations. This compound, which is generally present in soybean roots at high levels (100-1 000 &mu;g g -1 depending on plant age and mycorrhizal state) (Morandi and Gianinazzi-Pearson, 1986; Morandi, 1989) , may contribute to the stimula-tory properties of host roots for AM fungal growth in situ (Elias and Safir, 1987; Gianinazzi-Pearson et al, 1989; Nair et al, 1991 ) .The inhibitory effect of high coumestrol concentrations on vesicle cluster formation observed in the present study may also, at least partly, explain the lack of formation of these structures by G margarita in root tissues.
The results obtained in the present study reinforce the hypothesis that the differential accumulation or release of certain isoflavonoids by roots may have a regulatory role in infections events in AM (Gianinazzi-Pearson et al, 1989; Siqueira et al, 1991; Tsai and Phillips, 1991) and that, as in legume-Rhizobium interactions, they are potential signals for activating processes essential to first steps in the infection phenomenon.
